Introduction
The exploration of quantum size effects in semiconductor nanostructures in the past 30 years has led to a wide variety of exciting new physical phenomena in basic research, which in turn has resulted in both the significant improvement of the characteristics of various existing devices and the exploitation of novel device principles. While for basic research the elaborate fabrication of a single devices with low yield is sufficient, a cost efficient and reproducible manufacturing of a multitude of devices is mandatory for application in industry. Therefore, only advanced devices based on quantum wells or heterostructures with a 2D carrier confinement and to a limited extent based on quantum dots (or boxes) with a 0D confinement have made it for practical applications. The limitations in industrial applications of quantum dots in injection lasers and optical amplifiers arise from the statistical fluctuations in terms of size, density and composition inherent in the selforganized epitaxial growth processes. When it comes to quantum wires with 1D carrier confinement, on the other hand, even the predicted new physical phenomena, such as scattering suppression and high-mobility effects [1] , could hardly be demonstrated experimentally due to the poor accuracy of diameter control along the length of the wires in both top-down and bottom-up fabrication processes. Only recently, the successful fabrication of single-wall carbon nanotubes allowed the demonstration of some intriguing 1D confinement phenomena [2] . Also monoatomic Cu chains assembled atom-by-atom by low-temperature scanning tunnelling microscopy (LT-STM) showed a perfect 1D quantum confinement [3] .
In this paper we describe the fabrication and properties of GaN quantum dots having a uniform size distribution, which are free of internal electric fields ("M-plane GaN quantum dots") in the first part, and in the second part we discuss the fabrication and properties of free-standing aligned GaN and (Al,Ga)N quantum wires on Si-substrates. In both cases we have used plasma-assisted molecular beam epitaxy (PAMBE) for the selfassembled (selforganized) growth of the nanostructures.
M-plane GaN quantum dots
The electronic properties of most III-Nitride heterostructures in the stable wurtzite phase are dominated by the presence of strong internal electric fields when grown along the [0001] polar axis, which results in a strong reduction of the internal quantum efficiency for light emission. This is true even for GaN quantum dots grown in the Stranski-Krastanov mode on (Al,Ga)N(0001) by PA MBE or MOVPE. Here we discuss the growth of GaN quantum dots on nonpolar M-plane AlN templates deposited on SiC( ) 00 1 1 substrates by PAMBF. Using a substrate temperature of 750°C, the growth procedure follows the scheme given by Brown et al. [4] , i.e. (i) the excess Al adlayer on AlN is consumed by exposing the surface to the N flux before GaN deposition, (ii) four monolayers GaN are deposited under Ga-rich conditions followed by a growth interruption of 10s, (iii) excess Ga in adlayer desorbs and after 5s the transition from 2D to 3D Bragg spots is visible in RHEED, (iv) GaN dots are covered with 10 nm thick AlN layer (10 periods) except for the last dot layer.
The GaN quantum dots grown on M-plane AlN templates have a rectangular shape and a dot height of about 2 ML. They are aligned along the stripe morphology characteristic for M-plane AlN on SiC( ) 00 1 1
. Cathodoluminescence (CL) measurements show a single peak at 310 nm (= 4.01 eV) with a width of 35 nm. This strong blueshift is in contrast to C-plane GaN quantum dots grown side-by-side in the same growth run, which indicates the absence of internal electric fields in these M-plane GaN dots. In addition, no CL signal from a wetting layer is detected in the M-plane samples.
Free-standing aligned (Al,Ga)N quantum wires on Si substrates
Due to their suitability for both nanoscale devices and interconnects, GaN-based quantum wires ("nanocolumns", "nanowires") represent very interesting building blocks for nano-electronics and -photonics. For a variety of semiconductor materials, such as group-IV, II-VI and III-V materials as well as III-Nitride, the growth of (nano)whiskers by the vapour-liquid-solid (VLS) technique [5] is already well established. Independent on the selected self-organized growths process, the GaN-based quantum wires mostly exhibit an exceptional crystal perfection without any extended structural defect, in clear contrast to compact GaN layers using the same lattice-mismatched substrate.
Here we describe fabrication and properties of free-standing aligned GaN-based quantum wires on Si(111) -180-
substrates bys PAMBE without any transition metal catalyst [6] , which is normally needed to promote the VLS growth mechanism. At a given growth temperature, the actual III-V flux ratio determines whether a compact (Al,Ga)N layer or a columnar structure is grown (Fig. 1) . Highly N-rich conditions strongly reduce the surface diffusion of Ga(Al) and hence the lateral growth rate. In this growth regime the initial islands formed on the surface do not coalesce, but growth vertically (selected area growth) and form the isolated nanocolumns. The diameter of the wires of typically 25 nm exhibits a very narrow dispersion and is uniform along the entire wire length of 1-2 µm. The density and average diameter of the wires can be varied by the applied III-V ratio, which affect the density and size of the Ga accumulations. High-resolution TEM (Fig. 2) confirms the structural uniformity of the defect-free wires grown along [0001] . The sidewalls of the wires are composed of { 00 1 1 } facets, which are atomically sharp over a large length scale. The large lattice mismatch between Si and (Al,Ga)N is accommodated by misfit dislocations at the heterointerface creating a network that ends at the free surface of the wires/substrate edge [7] . As the wires "disconnect" from the substrate at a rather early stage of growth, they can be grown freestanding and aligned on a variety of substrate including Si(001).
Starting from optimized (Al,Ga)N quantum wires, we have fabricated thin GaN quantum discs by interrupting the Al flux during growth [8] . In Fig 3 we show an example of 5 embedded discs in the (Al,Ga)N wire. The GaN discs consist of 9-10 unit cells along [0001] bound by atomically abrupt interfaces. There are no misfit dislocation at the (Al,Ga)N/GaN interfaces, which are thus completely coherent (neglecting elastic relaxation processes at the surface). The distinct blueshift of the optical emission observed from arrays of GaN quantum discs with systematically reduced disc width manifest the existence of clear quantum confinement effects. The asymmetric broadening of the line shape is due to inhomogeneous strain distribution within the discs. Finally, columnar (Al,G)N/GaN nanocavities with AlN/GaN Bragg reflectors were grown, in which the emission from the active region matches the peak reflectivity by tuning the Al mole fraction and the GaN disc thickness [8] . [1100]
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